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62,YHUVXV%XON3HUIRUPDQFHLQ)XWXUH&026
7HFKQRORJLHVIRU/RZ3RZHU$SSOLFDWLRQV
0DULR5&DVXDQG*LDQOXFD3LFFLQLQL
3ROLWHFQLFRGL7RULQR'LS(OHWWURQLFD&VR'XFDGHJOL$EUX]]L,7RULQR,WDO\(PDLOPDULRFDVX#SROLWRLW
$EVWUDFW
7KH PDLQ ILHOG ZKHUH 6LOLFRQRQ,QVXODWRU 62, LV
QRZDGD\V LQXVH IRU KLJKYROXPHSURGXFWLRQ LV WKDW RI
KLJKSHUIRUPDQFH KLJKVSHHG GHYLFHV :H VKRZ WKDW
XVLQJ 62, LQ IXWXUH WHFKQRORJLHV FDQ EH H[WUHPHO\
EHQHILFLDOQRWRQO\IRUKLJKVSHHGEXWPRVWLPSRUWDQWO\
WRJHWDVLJQLILFDQWSRZHUUHGXFWLRQ
,QWURGXFWLRQ
62,WHFKQRORJ\LVFXUUHQWO\XVHGIRUKLJKYROXPHKLJK
SHUIRUPDQFH GHYLFHV HVSHFLDOO\ PLFURSURFHVVRUV E\
FRPSDQLHVOLNH,%0DQG$0'HYHQLIWKHORZSRZHU
IHDWXUHVRIWKLVWHFKQRORJ\ZKLFKPLJKWEHH[SORLWHGLQ
RWKHU PDUNHW VHJPHQWV DUH ZHOO XQGHUVWRRG >@ :H
VKRZ LQ WKLV SDSHU WKDW XVLQJ 62, LQ IXWXUH &026
WHFKQRORJLHV FRXOG EH EHQHILFLDO WR JHW D VLJQLILFDQW
SRZHU UHGXFWLRQZKLOHQRW VDFULILFLQJSHUIRUPDQFH7R
WKLV DLP ZH XVHG D SK\VLFDO FKDUJHEDVHG 026)(7
PRGHO8)62,>@>@,WVPRVWLPSRUWDQWIHDWXUHIRUWKLV
ZRUN ZDV WKH SRVVLELOLW\ WRPRGHO ERWK %XON DQG 62,
)(7
VVKDULQJPDQ\SURFHVVSDUDPHWHUVWKXVHQDEOLQJD
IDLU FRPSDULVRQRI WKH WZR WHFKQRORJLHVZLWK WKH VDPH
IHDWXUHVOLNHJDWHOHQJWKDQGR[LGHWKLFNQHVV
:H XVHG WKH ,756 URDGPDS VSHFLILFDWLRQV IRU &026
>@ DQG ILW WKHP LQ WKH8)62,%XONPRGHO LQ RUGHU WR
EXLOGDUHIHUHQFHIRUWHFKQRORJ\QRGHVIURPWRQP
JDWH OHQJWK7KHQ WKH VREXLOW ,9FKDUDFWHULVWLFVZHUH
XVHGWRILWWKH62,PRGHOERWK3DUWLDOO\'HSOHWHG3'
DQG)XOO\'HSOHWHG)'DLPLQJDWDFKLHYLQJWKHVDPH
21VWDWH FXUUHQW DV LQ%XON '& UHVXOWV VKRZ WKDW WKH
2))VWDWH FXUUHQW LV PXFK ORZHU LQ )'62, ZLWK
VOLJKWO\LPSURYHG21FXUUHQWDVZHOOZKLOH3'LVQRW
GLVVLPLODUIURP%XON
,Q$& DW WKH VDPH SRZHU VXSSO\ YROWDJH RI%XON WKH
UHGXFHG FDSDFLWDQFH FRQWULEXWHV IRU D SRZHU UHGXFWLRQ
DQGDQ LQFUHDVH LQ VSHHG IRU3'DQGPRUHSURQRXQFHG
IRU )' %\ GHFUHDVLQJ WKH SRZHU VXSSO\ LQ 62, DQG
WDUJHWLQJ WKHVDPHVSHHGDV%XON WKHHQHUJ\UHGXFWLRQ
IRU62,GHYLFHVEHFRPHVSDUWLFXODUO\VLJQLILFDQW
,7566SHFLILFDWLRQVDQGPRGHOILWWLQJ
7KH ,756 URDGPDS IRUHFDVWV WKH FKDUDFWHULVWLFV RI
IXWXUH&026GHYLFHVDQGVSHFLILHVJDWHOHQJWKYROWDJH
VXSSO\ JDWH R[LGH WKLFNQHVV 21VWDWH VDWXUDWLRQ
FXUUHQW 2))VWDWH VXEWKUHVKROG OHDNDJH FXUUHQW
VXEWKUHVKROG VZLQJ LQYHUVH RI WKH VORSH RI WKH ,G9J
FKDUDFWHULVWLFV LQ VXEWKUHVKROG DQG SDUDVLWLF
VRXUFHGUDLQ UHVLVWDQFH >@ 8VLQJ WKHVH LQSXWV LW LV
SRVVLEOH WREXLOG WKH ,9FKDUDFWHULVWLFVRI IXWXUH026
GHYLFHVDQGWRILW WKHPLQDVXLWDEOHPRGHOOLNH8)62,
>@7KHJHRPHWULFDO SDUDPHWHUV FDQEH WDNHQ IURP WKH
URDGPDS ZKLOH GRSLQJ OHYHOV PRELOLW\ ',%/ *,'/
DQG JDWH R[LGH WXQQHOLQJ SDUDPHWHUV KDYH WR EH ILWWHG
7KH SURFHGXUH KDV EHHQ UHSHDWHG IRU DOO URDGPDS
WHFKQRORJ\ QRGHV IURP  WR  QP JDWH OHQJWK 7KH
PRGHOFDUGVGHULYHGIRU%XON WUDQVLVWRUVFDQEHHQXVHG
DV D UHIHUHQFH IRU ILWWLQJ 3' DQG )' 62, PRGHOV
DFFRUGLQJ WR WKH 8)62, PDQXDO 0DQ\ RI WKH
SDUDPHWHUV GR QRW FKDQJH OLNH JDWH OHQJWK DQG R[LGH
WKLFNQHVV:HPDWFKHGDOOOLWKRJUDSKLFSDUDPHWHUVVRDV
WRPDNHDIDLUFRPSDULVRQ7KHUHDUHDIHZ62,VSHFLILF
SDUDPHWHUVWRGHILQHRUWRILW6RPHRIWKHPKDYHEHHQ
OHIW DW WKHLU 8)62, GHIDXOW YDOXH EHFDXVH RI WKHLU
XQVXEVWDQWLDO LPSDFW RU EHFDXVH WKH QHHG RI
PHDVXUHPHQWV RQ IDEULFDWHG GHYLFHV :H WKXV
FRQFHQWUDWHG RQ GRSLQJ OHYHOV VLOLFRQ ILOP DQG EXULHG
R[LGH WKLFNQHVV WKDW DUH SRWHQWLDOO\ XQGHU FRQWURO RI
WKH WUDQVLVWRU DUFKLWHFWV 7KH XVXDO SURFHGXUH 62,
WHFKQRORJLVWVLPSOHPHQWIRUKLJKVSHHGGHYLFHVFRQVLVWV
LQ IL[LQJ WKH ,RII VSHFLILFDWLRQ IRU ERWK %XON DQG 62,
ZDIHUVDQGWKHQH[SORLWWKHODUJHU,RQFXUUHQW>@6LQFH
RXULQWHQWLVPDLQO\WRSURYHWKHHIIHFWLYHQHVVRI62,IRU
ORZ SRZHU DSSOLFDWLRQV ZH WULHG WR NHHS LQVWHDG WKH
VDPH ,RQ FXUUHQW DQG WR H[SORLW WKH UHGXFHG ,RII 7KH
VSHHG LPSURYHPHQW DW WKH VDPH VXSSO\ YROWDJH LV WKHQ
RQO\GXHWRWKHUHGXFHG6'FDSDFLWDQFHDQGWKHFXUUHQW
RYHUVKRRWGXHWRWKHIORDWLQJERG\HIIHFWV>@>@
7KHWKLFNQHVVRIWKHVLOLFRQILOP7VLDQGEXULHGVLOLFRQ
GLR[LGH %2; KDYH PDUJLQDO LPSDFW RQ WKH
SHUIRUPDQFHRI3'GHYLFHV2QWKHFRQWUDU\LQ)'VXFK
SDUDPHWHUV FRQWURO ERWK WKUHVKROG YROWDJH DQG
VXEWKUHVKROGVZLQJGXHWRWKHIULQJLQJILHOGHIIHFW WKDW
FRXSOHV GUDLQ DQG FKDQQHO >@ :H WKXV GHULYHG DQ
RSWLPDO YDOXH VR DV WRPHHW WKH URDGPDS VSHFV2WKHU
ZRUNVFRQILUPRXUWUHQGIRURSWLPDO7VLDQG%2;>@
,Q )LJ  WKH  QP ,G9J FKDUDFWHULVWLFV RI %XON 3'
DQG)'GHYLFHVDUHUHSRUWHGLQDVHPLORJDULWKPLFJUDSK
WRJHWKHUZLWKWKH,RQ,RIIFRQVWUDLQWVVHWE\WKHURDGPDS
VSHFLILFDWLRQV 6LPLODU FXUYHV FDQ EH SORWWHG IRU WKH
PRUH DGYDQFHG GHYLFHV XS WR WKH  QP JDWH OHQJWK
WUDQVLVWRUV
7DEOH  VXPPDUL]HV WKH '& FKDUDFWHULVWLFV RI 62,
GHYLFHV FRPSDUHG WR %XON )RU )' VLOLFRQ ILOP DQG
%2;WKLFNQHVVDUHDOVRUHSRUWHG
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)LJQPGHYLFHV,G9JFKDUDFWHULVWLFV
7DE3'DQG)'62,YV%XONLQWHUPVRI,RQDQG,RII
/J ,RII ,RII ,RQ ,RQ 76L %2;
QP 3' )' 3' )' QP )'QP
      
      
      
      
      
      
      
,Q HDFK WHFKQRORJ\ WKH 62, GHYLFHV RXWSHUIRUP WKH
%XONRQHV7KH3' LPSURYHPHQW LV VOLJKWFRPSDUHG WR
)'WKDWDOVRVKRZVDVXSHULRUEHKDYLRULQVXEWKUHVKROG
%XON3'DQG)'$&FRPSDULVRQ
:HPHDVXUHGWKHIDQRXWRIIRXUGHOD\)2LQLQYHUWHU
FKDLQVGHYLFHXQGHUWHVWORDGHGZLWKHTXDOLQYHUWHUV
D WHVW XVXDOO\ FRQGXFWHG WR HYDOXDWH WKH WHFKQRORJ\
VSHHG >@7KH VZLWFKLQJ HQHUJ\KDVEHHQPHDVXUHG DV
ZHOO ,Q )LJ  WKH WKUHH WHFKQRORJLHV DUH FRPSDUHG LQ
WKHHQHUJ\GHOD\SODQH)RUDJLYHQWHFKQRORJ\IURP
WRQP3'GHYLFHVDUHDOZD\VEHWWHUWKDQ%XONERWK
IRUGHOD\DQGHQHUJ\ZKLOHLQWXUQV)'LVDOZD\VEHWWHU
WKDQ 3' 7KH 3' GHOD\ LPSURYHPHQW LV LQ WKH UDQJH
w DFURVV DOO WKH URDGPDS QRGHV DYHUDJH
LPSURYHPHQW  ZKLOH WKH )' RQH LV w
DYHUDJH7KH VSHHG LQFUHDVH LV GXH WR WKH VOLJKW
LPSURYHPHQW LQ ,RQ DQG WR WKH UHGXFWLRQ RI 6'
SDUDVLWLF FDSDFLWDQFH WKH JDWH FDSDFLWDQFH LV
DSSUR[LPDWHO\ WKH VDPH 7KH VXSHULRU GHOD\
SHUIRUPDQFH LQ 62, LV GXH WR WKH IDFW WKDW WKH 6'
FDSDFLWDQFH DFFRXQWV IRU D VPDOOHU IUDFWLRQRI WKH WRWDO
ORDG ,QIDFWE\XVLQJ)2LQYHUWHUV LQVWHDGRI)2LQ
ULQJ RVFLOODWRUV DQG VR UHGXFLQJ WKH LPSDFW RI JDWH
FDSDFLWDQFH RYHU 6' SDUDVLWLFV ZH REWDLQHG D 
LPSURYHPHQW LQ 3' DQG UHFRUG LQ )'GHYLFHV
7KH HQHUJ\ UHGXFWLRQ GXH WR WKH UHGXFHG VZLWFKHG
FDSDFLWDQFH LV w DYHUDJH  LQ 3' DQG
wDYHUDJHLQ)'
)LJ  %XON 3'62, DQG )'62, GHOD\ DQG HQHUJ\
FRPSDULVRQ
9ROWDJHVFDOLQJIRUSRZHUUHGXFWLRQ
2QHFDQGHFLGHWRH[FKDQJHWKHKLJKHU62,VSHHGZLWK
VPDOOHU HQHUJ\ FRQVXPSWLRQ E\ ORZHULQJ WKH 62,
VXSSO\ YROWDJH DQG WDUJHWLQJ WKH VDPH VSHHG DV %XON
GHYLFHV )LJ  VKRZV WKDW IRU WKH  QP WHFKQRORJ\
ORZHULQJ9GGIURPQRPLQDO9WR9LQ3'DOORZV
DHQHUJ\VDYLQJDWWKHVDPH%XONVSHHG)RU)'DW
9 WKH HQHUJ\ VDYLQJ LV  6LPLODU UHVXOWV DUH
REWDLQHG IRU DOO WHFKQRORJLHV:H UHSRUWHG RQO\ WKH 
QPUHVXOWVYDU\LQJ9GGLQ)LJIRUVDNHRIFODULW\7KH
3'HQHUJ\VDYLQJLVIURP9WR9ZKLOHWKH
)' RQH LV  DW 9 DJDLQ DW WKH VDPH VSHHG RI
%XONGHYLFHVZLWK9VXSSO\YROWDJH
&RQFOXVLRQV
:HFRPSDUHGWKHGHOD\HQHUJ\ILJXUHVRIIXWXUH&026
GHYLFHV LQ %XON 3' DQG )' 62, WHFKQRORJLHV 62,
GHYLFHV DUH VKRZQ WR EH VXLWDEOH FDQGLGDWHV IRU ORZ
SRZHU DSSOLFDWLRQV %HVW UHVXOWV DUH REWDLQHG IRU )'
GHYLFHV7KHLPSURYHPHQWLVFOHDUDWWKHQRPLQDOVXSSO\
YROWDJH LQGLFDWHG E\ WKH ,756 URDGPDS 0RUHRYHU LQ
62, D ORZHU 9GG GHVLJQHG IRU KDYLQJ WKH VDPH %XON
VSHHGKHOSVUHGXFHJUHDWO\WKHSRZHUFRQVXPSWLRQ
5HIHUHQFHV
>@ -3 &ROLQJH 6LOLFRQRQ,QVXODWRU 7HFKQRORJ\0DWHULDOV
WR9/6,QGHGLWLRQ.OXZHU$FDGHPLF3XEOLVKHUV
>@'6XKDQG-*)RVVXP´$3K\VLFDO&KDUJH%DVHG0RGHO
IRU 1RQ)XOO\ 'HSOHWHG 62, 026)(7
V DQG LWV 8VH LQ
$VVHVVLQJ )ORDWLQJ%RG\ (IIHFWV LQ 62, &026 &LUFXLWVµ
,(((7UDQV(O'HYYROSS$SU
>@ 8)62, 026)(7 0RGHOV 8VHU
V *XLGH DYDLODEOH DW
KWWSZZZVRLWHFXIOHGX0DU
>@ ´7KH ,QWHUQDWLRQDO 7HFKQRORJ\ 5RDGPDS IRU
6HPLFRQGXFWRUV,756µ6,$
>@(/HREDQGXQJHWDO´6FDODELOLW\RI62,7HFKQRORJ\LQWR
P9&026*HQHUDWLRQµ,(((,('0
>@ & )HQRXLOOHW%HUDQJHU HW DO ´5HTXLUHPHQWV IRU 8OWUD
7KLQ )LOP'HYLFHV DQG1HZPDWHULDO RQ&0265RDGPDSµ
3URF,(((,QW62,&RQI
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